Abstract. Let S = {(x, y) : 0 < x < 1, 0 < y < 1}, and let f be a quasiconformal mapping on S. It is proved that there is at least one extremal quasiconformal mapping of non-landslide type in the Teichmüller equivalence class [f ]. This gives a positive answer to the problem proposed by Z. Li in a recent paper.
1 + |μ g (z)| 1 − |μ g (z)| < K(f ) − δ} has a positive measure for some δ > 0 (refer to [6] , [11] for the proof). For the details of extremal quasiconformal mappings theory, we refer to [1] , [2] , [5] , [7] , [8] , [9] . When the set E f (δ) has interior points for some δ > 0, we say the extremal quasiconformal mapping f is of landslide type. Otherwise, an extremal quasiconformal mapping f is of non-landslide type when the set E f (δ) has no interior points for any δ > 0. So it is natural to ask the following question (refer to [4] , [11] The purpose of this paper is to give Problem 2 a positive answer. For convenience of statement, we choose S = {(x, y) : 0 < x < 1, 0 < y < 1} as our consideration and prove the following theorem. 
Proof of theorems
In this section, by some lemmas, we will prove Theorems 1.2 and 1.3.
Lemma 2.1 ([3]).
Let {f n } be a sequence of K-quasiconformal mappings of Ω in the complex plane which converges locally to a quasiconformal mapping f with Beltrami coefficient μ. If the Beltrami coefficients μ n of f n tend to a limit a.e., then lim n−→∞ μ n (z) = μ(z) a.e.
Lemma 2.2 ([10]
). Let f be a quasiconformal mapping of the unit disk Δ onto itself. Choose a fixed point z 0 ∈ Δ and, for w ∈ Δ, let g be an extremal quasiconformal mapping Δ onto itself which is equal to f on ∂Δ and takes z 0 into w. Let K be the maximal dilatation of g. Then K is, for fixed z 0 , a continuous function of w which tends to infinity for |w| −→ 1.
Let f be a quasiconformal mapping on Δ. We call
the variability set of z 0 . Using Lemmas 2.2 and 2.3, we have the following lemma.
Lemma 2.3 ([10]). Let f be an extremal quasiconformal mapping of the unit disk

Lemma 2.4. Let f be a quasiconformal mapping of the unit disk Δ onto itself with maximal dilatation
License or copyright restrictions may apply to redistribution; see https://www.ams.org/journal-terms-of-use
Proof of Theorem 1.2. Let S = {(x, y) : 0 < x < 1, 0 < y < 1}, and let f be a quasiconformal mapping on S. We will construct an extremal quasiconformal mapping g ∈ [f ] of non-landslide type. With no loss of generality, we suppose f is extremal and set
We will prove the theorem by the following four steps.
Step 
1 , S
2 , S
3 , S
4 .
For each S
(1) j (j = 1, 2, 3, 4), we define a quasiconformal mapping f
can define a quasiconformal mapping f
K − δ, and we define the quasiconformal mapping f
Then we define f (1) on S as
j , (j = 1, 2, 3, 4).
By the definition of f (1) , we have that
n−1 ), as was done to S, we divide S (n−1) j into four congruent squares. Then we get 4 n open squares with side
, we can define a quasiconformal mapping f
) < K − δ, and we define the quasiconformal mapping f
By the definition of f (n) , we have that
So we have constructed a sequence of open squares {S
Step 2. For the normality of quasiconformal mappings, there is a subsequence of {f (n) } (we denote it also by {f (n) }) that converges locally to a quasiconformal mapping g. It is obvious that g ∈ [f ] is extremal.
Step 3. Let μ be the Beltrami coefficient of g and let μ n be the Beltrami coefficient of f (n) . We claim that lim n−→∞ μ n (z) = μ(z) a.e. z ∈ S. By Lemma 2.1, it is sufficient to prove that μ n a.e. tends to a limit. When the two-dimensional measure of
We will prove that μ n (z) tends to a limit.
By the definition of {f
(n) }, we have the following properties of μ n . If
Step 4. We claim that g ∈ [f ] obtained in Step 2 is of non-landslide type. If, on the contrary, g is of landslide type, then there is a δ > 0 and an open subset E ∈ S such that K(g| E ) < K − δ.
For E an open set, we fix m and j m such that S
, by the argument in Step 3,
It follows from (2.1) and (2.3) that
Otherwise, if there exists δ > 0, n and S
It follows from (2.1) and (2.5) that
However, (2.2) contradicts (2.4) and (2.6), so g ∈ [f ] is an extremal quasiconformal mapping of non-landslide type. This completes the proof. g θ | ∂E = g| ∂E , |μ g θ (z)| = k for all z ∈ E, and g θ (z 0 ) = w θ .
Starting with the extremal quasiconformal mapping g θ , following the proof of Theorem 1.2, we can construct an extremal quasiconformal mapping g θ ∈ [f ] of non-landslide type. By the construction of g θ and |μ g θ (z)| = k for all z ∈ E, we have g θ | E = g θ | E . Furthermore, by (2.7), if θ 1 = θ 2 ,
Varying θ ∈ (−π, π], we get infinitely many extremal quasiconformal mappings g θ ∈ [f ] of non-landslide type, which completes the proof.
